CES History
The Computational Engineering and Science (CES) Program at the University of Utah has a long and distinguished history. Unlike many computational science programs initiated since the turn of the century, the Utah CES program was not merely reactionary to current scientific and market trends, but rather has led the way in demonstrating the efficacy of interdisciplinary educational and research programs. In the early 1990s, members of the Computer Science and Mathematics departments envisaged the future need for CES-trained students. 
Mission, Vision and Purpose

Mission Statement:
Our mission is to expose future scientists and engineers to the simulation scientific method of problem identification, modeling, simulation and evaluation. Exposure will be gained through a combination of graduate course work, which spans the simulation science pipeline and individual student involvement in computational engineering and science research efforts.
Vision Statement:
The Computational Engineering and Science Program at the University of Utah trains students to perform cutting edge research, which spans the simulation science pipeline.
Students will be able to identify and advance the simulation science pipeline within computational engineering and science endeavors, and thus will spearhead a new generation of simulation scientists prepared as interdisciplinary "bridge-builders" that facilitate interconnections between disciplines that typically do not interact.
Our Purpose:
The primary purpose of the Computational Engineering and Science program is to train students in the use of advanced computing hardware and modern computational, graphical, and mathematical techniques for the solution of problems in science and engineering that are inaccessible without such integrated expertise. Based upon this purpose, the goal of the CES program is to provide a mechanism by which a graduate can obtain integrated expertise and skills in all areas that are required for the solution of a particular problem: the realization of the problem in its engineering or scientific context, the translation of the problem into a precise mathematical statement through mathematical modeling, the formulation of the numerical methodology for solving the problem, the selection of the appropriate computer architecture and algorithms, and the effective interpretation of the results through visualization and/or statistical reduction.
The M.S. degree in Computational Engineering and Science can serve as a stepping-stone for students who want to pursue professional careers or continue in Ph.D. programs in computational chemistry, physics, computational medicine, bioinformatics, engineering, and many computer science disciplines including graphics, robotics, and visualization.
Simulation Science Pipeline
Historically, the scientific method was formulated around the idea of postulating a model of natural phenomenon, making observations to validate one's model, and correcting the model based upon discrepancies between the phenomenon and nature. Later, the scientific process was extended to include the idea of the controlled experiment. No longer was the scientist limited to passively observing the world around him to deduce the correctness of the model. This gave rise to the idea of devising controlled experiments designed to evaluate the correctness of the hypothesis in a systematic manner. This systematic process allowed the model to be updated • Modeling: The development of a model which abstracts the salient features of the problem of interest in such a way that exploration and evaluation of the model allows an answer to the questions specified concerning the problem of interest. Modeling techniques include, but are not limited to, deterministic or probabilistic, discrete or continuous mathematical models. Means of validating the model (determining the error introduced due to the model abstraction of the real phenomenon) should be established.
• Computation: The generation of algorithms and implementations which accurately and efficiently evaluate the model over the range of data needed to answer the questions of interest. This simulation of the physical phenomenon by computational expression of the model provides the experiment upon which the simulation scientific method hinges.
• Evaluation: The distillation and evaluation of the data produced through computational simulation to answer the questions of interest and to provide quantifiable determination of the success of the experiment. Methods such as, but not limited to, scientific visualization provide a means of tying the simulation results back to the problem of interest.
CES Courses and how they fit into the simulation scientific pipeline as described above:
Science or Engineering Problem of Interest
Modeling Computation Evaluation
• Discipline-specific CES electives
• Case Studies in CES
• Mathematical Modeling Introduction to the techniques and tools needed for the visual display of data. Students will explore many aspects of visualization, using a "from concepts to results" format. The course begins with an overview of the important issues involved in visualization, continues through an overview of graphics tools relating to visualization, and ends with instruction in the utilization and customization of a variety of scientific visualization software packages.
CP SC 5610 Introduction to Numerical Analysis I (4) (Fall)
Prerequisite: MATH 2210, either MATH 2250 or 2270 and computing experience. Meets with MATH 6860. Numerical linear algebra, interpolation, integration, differentiation, approximation (including discrete and continuous least squares, Fourier analysis, and wavelets).
CP SC 5620 Introduction to Numerical Analysis II (4) (Spring)
Prerequisite: MATH 5610. Meets with MATH 6865. Numerical solution of initial and boundary value problems of ordinary and partial differential equations.
Math 5740 Mathematical Modeling (3) (Spring)
Prerequisite: MATH 5600 or CP SC 5220. Meets with MATH 6870. Development of mathematical models for physical, biological, engineering, and industrial phenomena and problems, using mainly ordinary and partial differential equations. Involvement of analytical and numerical tools suitable for analysis and visualization of the solutions of these problems, including packages such as LINPACK, EISPACK, Maple and Matlab.
Math 6790 Case Studies in Computational Engineering and Science (3) (Spring) Prerequisite: MATH 5740.
Two to five faculty members from various disciplines will describe in detail a project in which they are engaged that involves all ingredients of computational engineering and science: a scientific or engineering problem, a mathematical problem leading to mathematical questions, and the solution and interpretation of these questions obtained by the use of modern computing techniques. Participating faculty will vary from year to year. To be offered on the basis of need. 
PHYCS 6720 Introduction to Computing in Physics (4) (Fall)
Meets with PHYCS 3730. Brief introduction to computing tools for science and engineering work on modern workstations. Topics include Unix (file structures, commands, scripts, etc.), editing (especially with emacs), spreadsheets, technical document preparation (LaTeX, Postcript), symbolic manipulation (Maple), use of library routines (LAPACK), Programming in C++, and organizing large codes with makefiles. These tools will be illustrated by applying them to scientific and engineering problems.
PHYCS 6730 Computational Physics 2 (4) (Spring)
Recommended Prerequisite: MATH 3150 and 3160 and either PHYCS 3730, 6720 or CP SC 3200. Survey of modern numerical methods with programming exercises in C++ and Maple on Unix workstations. Topics include root finding, solving linear systems by direct and iterative methods, eigenvalue problems, interpolation and extrapolation, differentiation and integration, solution of ordinary and partial differential equations, elementary statistics, linear and nonlinear optimization, Fourier transforms.
FAQs
How can I receive funding for the CES program?
Upon admission to the CES program, all applicants are evaluated for the limited fellowship and funding opportunities available each year. If funding is not offered at admission, a student can contact their home department to find out what funding opportunities may be available. Neither the CES program nor any of the participating departments can guarantee that a student will receive funding.
How many credits of coursework can I apply to the CES program before being accepted?
A maximum of 9 credits can be taken and used in the CES program before official acceptance into the CES program. The Graduate School requires that the course be completed within seven years of beginning the CES program.
I have already taken one of the CES classes while completing another degree at the University of Utah. Does it count toward the CES degree also?
The Graduate School does not allow "double-dipping"; that is, you cannot count a course toward two separate degree programs. If you have already taken one or more of the CES classes in the pursuit of another degree, the Director of the Program along with your Advisor can arrange suitable substitutes.
What elective courses can I take?
Any 5000-level course or higher offered by a participating department, upon approval of the student's Advisor or the CES Director.
What is a "Program of Study"?
The Program of Study (or "Application for Admission to Candidacy" form) includes a list of classes that you and your committee agree will satisfy the class requirements for your degree program, as well as meeting your personal educational goals. The POS should be done early in a graduate career, preferably by the 3 rd semester of study. How do I find an advisor? One good way to find an advisor is to take classes from professors in your areas of interest. Find out if you are likely to be compatible in interests and personality, and to impress them with your performance.
What does a typical Program of Study look like?
Can I change advisors?
Yes. It is not in a student's or advisor's interest to work together if the relationship is not productive because of incompatible personalities or research interests. If you plan to make a switch, a frank discussion with your advisor is appropriate.
How do I select my committee?
Three regular faculty members at the University of Utah constitute a CES committee (the Chairman of the committee being the student's advisor.) At least one member of the CES Steering Committee should be on your Graduate Committee. The student decides upon the other two committee members, chosen commiserate with the academic goals of the student.
Do I have to do a thesis?
No. There are three options to complete a M.S. degree in Computational Engineering and Science: Coursework only, Project, and Thesis.
What is the difference between a thesis and a project? A Thesis generally requires you to participate in research hours with a faculty member and create a formal publication concerning your research findings--your thesis. A project may also require independent study hours and an oral presentation, but not a formal publication.
What help is available to assist me in publishing my thesis?
• Why do I have to "defend" my project?
The Graduate School requires that all students present a defense (or oral presentation) regardless of their track.
When doing the coursework option, do I have to do a "defense" and why? Yes, a defense (or oral presentation) is required by the Graduate School for each track of study.
Of what does a coursework-only defense consist? Generally a student's advisor and committee will select a paper, which the student will need to present and defend.
How Do I Schedule my thesis defense or oral presentation? For any defense (coursework only, project, or thesis), the following should be done:
At least FOUR WEEKS before the defense: 1) The student should submit an acceptable thesis draft to the committee chair 2) A possible defense date selected by the committee.
At least THREE WEEKS before the defense: 1) Committee members should receive copies of the thesis draft.
2) Committee approval should be gained for the planned defense.
3) A time and location for the defense should be scheduled with the Graduate Coordinator, Karen Feinauer (3190 MEB, karenf@cs.utah.edu) At least 10 DAYS before the defense: 1) Abstract of document or thesis should be given to the Graduate Coordinator, Karen Feinauer (3190 MEB, karenf@cs.utah.edu) 2) The project document or thesis document should be on file with the Graduate Coordinator, Karen Feinauer (3190 MEB, karenf@cs.utah Department make copies for student file & student.
